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OBJECT 


To  evaluate  tk  effects  upon  i&aifiosicy  produced  by  kso^da;  the 
ia  purities  Ag+,  Cu**,  aad  P  ioos  into  the  crystal  lattice  of  potassium 
f-erraloeate  when  this  conpouad  is  incorporated  into  a  high  tatrgj  fae!/ 
oxidant  flash  systetj. 

SUMMARY 

The  effects  of  as  oxidase  coutaiaiag  added  impurities  sack  as  Ag*, 

Ci^,  aad  I~  toss  upoa  the  laaiaosity  of  flash  system  sere  tested  is  th, 
follow  is g  blesds: 

1.  FP600  (60/40  potassium  perchlorate/ aluminum)  photoflash  cots- 
positios  for  sea  level  applicatioas 

2-  FP790  (30/20/50)  calcium/alewiaaa/pocassiea  perchlorate) 
photoflash  cosmos kios  foe  high  alrifwir  applications 

3.  FP856  (31/20/49  tltasw/ctkiw  flsonde/pocassisa  perchlo¬ 
rate)  high  alritsde  flash  compositioa 

All  tests  arete  perforated  at  sea  level  or  at  20.9  mm  Hg,  simulating 
80,000  feet  altkade,*  aad  at  the  temperate  prevailing  at  the  Pyrotechnic 
Laboratory  High  Altitude  Task. 

The  system  40/60  nluminum/potnssiam  perchlorate  doped  with  Ag+, 
Cat**,  of  I"  ioas  exhibited  ao  iacrease  is  haitos  efficiency  over  a  aoa- 
doped  coatrol  at  ambient  conditions.  At  80,000  feet,  increased  efficiencies 
arete  achieved  wi.H  the  doped  systems,  bat  the  resells  coaid  aot  be  veri¬ 
fied  is  a  secoai  series  of  tests. 

Vitkin  the  system  30/20/50  caicinm/nluminnm/potassin*  perc'alcrate 
aad  31/20/49  nlmninnm/caleinni  fluociie/potasstum  perchlome,  the  com¬ 
positions  containing  potassiaa  perchlorate  doped  with  Ag*  toss  showed 
the  greatest  increases  is  luminous  efficiencies,  tasgiag  ap  to  27.0S  aad 
29.4S  respectively  at  80,000  ft.  However,  neither  system  gave  verifiable 
results  oa  retest  when  the  metfc  ’  of  doping  was  stepped  up  from  labora¬ 
tory  to  pilot  plaat  scale. 

The  above  system  doped  with  Cu**  ami  I”  iocs  gave  resales  that  were 
either  aot  verifiable  or  else  exhibited  lower  efficiency  values.  Ia  the  case 
of  the  Cm**  ion,  which  was  introduced  as  tie  perchlorate,  there  was  aa 
undesirable  reaction  between  its  water  of  bydrarics  aad  calcium. 


*fc  tkU  rapes  At  ten*  "»-9  am  H*"  mm l  ”80.000  we 

Ail  akknfe*  «  cmUiH,  net  uecuuL 
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bctetsut  Ae  cMCCtnuoa  of  iocs  free  1  to  2  sole  percest  dii 
cot  iapto»*  dee  heiaov  efficiencies  of  tie  systess  is  which  they  cere 
esed. 


MTRODUCTKM 

The  program  owdiaed  ic  dtis  report  «xs  saggested  be  Ae  resells  ob- 
tsiced  by  Freema  et  ml  (Refs  1,  2,  sod  3)  «odit(  cridi  irradiated  sod  aoc* 
irradiated  stepies  of  immasntm  perchlorate  sod  stt^es  of  dnei  sai  as- 
doped  potass iauc  perchlorate  is  combination  with  cettaic  feels  (Ref  f).  k 
mas  foccd  that  see  irradiated  pot  assies  pe  era  locate  decomposes  at  lower 
temper  stores  ic  (be  pceseace  of  Kijciesitx  aai  thaatc  if  tbe  potassiam 
perchlorate  is  act  pent  bet  coataias  smell  faaatkks  of  silver,  Coptic,  or 
iodide  ices.  Ic  s todies  of  i  bleed  of  20/80  magaesMs/pocassicm  perchlo¬ 
rate  the  ijoitirre  rcmfrrawr  ess  redeced  fro*  to  500fC  ebec  tbe 

potass iom  perchlorate  ess  doped  mi&  oee  mole  freest  silver  perchlorate. 
Tbe  time  te  igakiaa  for  tbe  silver  doped  composttioe  ess  apprmcimvirly 
half  of  ibac  obnieed  wkk  die  eoadoped  ot  pote  system  (Ref  5%  le  40/69 
alamteem/pocessiem  perchlorate,  decomposite  of  tbe  pocsssiam  perchlo¬ 
rate  (as  detetmiecd  by  both  TGA  aci  DTA  ceciaiqves)  begu  sc  580*C 
Vbes  doped  eicb  esc  male  percest  silver  perchlorate,  tbe  petsssima  per- 
ch locate  started  oo  decompose  st  SOTC,  bet  did  ts«c  create-  Is  both  esses, 
ic  mss  postdated  Act  tbe  silver  ion  provides  Mtltibrwcdm.  k  ns 
also  faced  Amt,  is  Ac  pceseace  of  Coptic  aad  iodide  iocs,  tbe  decomposi- 
tioe  of  both  ammoeiem  a mi  potassrem  perchlorate  is  considerably  esbaaced. 
This  fiaitag  mas  sttetered  to  tbe  tar  electron  afikiry  sad  polarizability 
of  tbe  iodide  ioa  sad  on  Ae  ability  of  Ac  Coptic  i«a  ro  act  as  aa  electros 
bridge  is  aa  electros  trass  (er  mechanism  of  deecapostdom.  Is  view  of  Ae 
profosed  ch sages  ia  Ae  observed  ignition  temperances  dee  te  Ae  above 
imparities,  it  mss  coosidered  desirable  to  deters  ate  whether  Ae  perform 
aace  characteristics  of  flash  compositions  containing  petsssism  perchlo¬ 
rate  say  be  altered  by  dopisg  Ae  potassium  perchlorate  «iA  Aese  cstiomic 
sai  saicaic  imparities. 

Tim  purpose  of  Ae  presest  investigation  mss  to  detenaice  mbetber  Acre 
is  a  relationship  betmees  Ae  reactivity  of  deped  systems  sad  Ae  Umisos- 
jty  resalts  obtaiaed  at  both  sea  level  sad  siealitec  high  sliiraies. 
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RESULTS 


Tables  1  cko^k  3  (p?  12  eIcn^  14}  coacais  all  eke  fi-uccKS  aseas- 
wd  to  dttttaiae  tie  averxje  Isdsas  efficksc! es,  ht  eaeilestcocis  per 
tru,  of  eke  phoccflash  systems  tested,  k  tici  sne  tke  c?tf  ft  janes  are 
averaje  tiEks  aod  eke  lower  fijeees  are  tke  taste  of  nkes. 

Table  1  (Xos.  i— 4),  p  12,  listseke  CEE  res*ks  for  eke  40/60  alwamame/ 
potasnea  perchlorate  sjstee.  AH  doped  perchlorates  nd  is  ekest  tests 
were  prepared  m  a  laboratory  scale  it  oae-ponmi  lAs  ami  test  fired  dsr- 

i*t  J— e  I960- 

Table  2  (p  13)  lists  tke  CIE  raises  for  cmTusjcot  tests  oka  tke 
49/69  tloaiioo/ptusMaa  perckloraee  system  caartiaiag  laboratory  pre¬ 
pared  doped  perchlorates  Pios.  5-S).  This  tabic  also  shows  additional 
r aloes  obraioed  for  FI*  790  ami  FP  $56  systems  r  it  iioio|  caiciom  aod 
colei— t  flunk  (Sot.  VW  These  kerns  were  tested  io  Hatch  196L 

Table  J  (Now.  46-23)  lists  eke  CIE  vslsss  obtained  fat  tke  FP  790  aod 
FP  856  systems,  and  their  doped  eaeiestSL  This  table  differs  from  Table  2 
is  that  the  doped  pcfcb4or«tcs  were  prepared  is  lire  pioit  iocs  «a  a  pilot 
plant  scale.  These  kerns  mere  fined  ia  Scpccmaet  IffL 

Table  4  (p  15)  composes  the  senate  efficiencies  of  all  the  systems 
tested,  showing  the  percentage  increase  of  each  system  ia  going  from 
ambient  to  89,909  feet,  asd  ymay  the  percentage  increase  relatire  to  the 
control  system  at  both  s obit  at  aod  80,009  feet. 

Table  5  fp  16;  lists  the  frier soe  pesdelamaad  impact  sensitivity  icsslcs 
for  the  systems  micr  tavesrigatioa. 

Fiyare  1  Cp  17}  depicts  typical  average  tint  es  hraiaoas  intensity  carves 
derived  at  both  sea  level  aad  $9.0X1  feet  siaslucj  alutoie  for  the  sys¬ 
tems  evalaaeed. 


DISCUSSION  OF  RESULTS 

For  purposes  of  discassios,  oc!t  tke  average  efficiencies  need  be  re¬ 
ferred  to.  Hence,  Table  4  will  be  reviewed  is  detail. 

The  lesiaosity  resales  gives  is  TaUe  4  for  tke  40/69  iltaitst/ptussa 
perchlorate  composkioa  (N'os.  1-4}  were  obtained  with  drped  fere k! orates 


itK  were  gagaai  an  a  uJerKay  scale  ams  ctcd  jams  1$©.  As 

cmiseke  «£  uesl  may  sSkssries  a  50,053  fes  swtsls 
nlcs  (a c  tie-*®?**  w«cw  «a  ciss§arsl  ts  tier--  otstctdb-,  s-.ju,  S.-rJC’. 
5,£».  »l  4,499  caagesecanMpra*  I*  stiver  jcd:«ce.  c^cic  r>rr- 
tibkcaee,  ad  fucniiiwii  iefilt.  wfKtiitsf,  xgiLw:  4.1-IC-  sasSsss^iSs/ 
pai  fee  tie  nijfd  csrrsi-  tie  tnt«,  b*sre,  final 
•TCtiae  witi  tie  terreE  (Idle  L  Nw.  1-4.  pS2|.  At  sex  kal  sate 
were  we  iacftites  u  efficiency  «e  tie  7333  eafeggdgyia  nine 
tkaiad  *kk  tie  caacrd  system,  k  sksni i  bt  iirrtvrrrmre  ac  sirs  fafee  ;b£ 
tie  iadi  tfideacr  nines  ad  nee  tie  1/13  accriswa  rCSdescy  rtisse s 
were  tnaiwf.  Ties  was  Jane  Ittaase  Tii  re  ym.se  4mx  «xf  ocesistJ  % 
weans  *f  an  »5r:rraair  iategracae  tine  earnest**  ady  tie  utd  aces  sear 
Hfae  OE  carve.  Taife  4  fa  1»  aiw  skews  t&e  jettttite  »on«s  ar  &• 
creases  »fcf war  F  an  dte  49/49  wstta.  Tie  stiver  anl  caffe?  dbf«s  je- 
dllarter  (Sns.  2  anl  3)  skew  2S4  anl  increases  mr  tie-  cenctaa 

at  85,009  feet-  Tkr  r  aurriwn  ia4fc  iwtf  system  fife.  41  rfeUbi  «sr  a 


Tn  aerify  eke  percentage  intteases  atkfettt  ~k>  tie  45/4®  aSaniwd 
yeuswi  fcrdUtacate  syxea  ad  sc  test  inti  gesdUnrares  wisas  c*» 
sir  systems.  FP  150  gakrna/.ii  awtnii  n/ye  ir  rim  tr  gcrrHa- 

nce)  anl  FP  854  gl/28/4>  aiaaiaanfoitiaa  ft wciitW m hm  peedWia- 
tateX  new  latrlrr  <4  ianci  yiwUanttr.  were  yteyagei  am.  *  Uiracicy 
scale.  Table  4  Oat.  5—15)  caanins  clfic  fewer  iata  an  clese  system*  an- 
taineJ  <fming  March  1941  at  sea  k*ei  anl  19,01)  fert¬ 


ile  49/49  yawrint  ywcUmtt/.lni..  a  cwyaww  ent^ 
nifnr  iayel  wick  Aj-,  C*»  anl  t~ians  fifes,  fc.  7.  Sy  eased  ifcdc 
ar  na  increase  in  fnntantiry  mr  a  aanfaae:  system  wkea  cescel 

ac  » safest  eanHefens.  M  89,990  feet  riwnitetJ  tie  -£m<£  systx 

*|M  sfead  na  increase  aaer  tie  caaerai.  anl  ail  *yst*rt  gate  Bsmer 


•  sea  level  < 


Tie  FP  790  sysea  £50'2J/50  calciwwfala 


f|«*$stts  pemuaeaeej 


the  efficiencies  obtained  were  8,200  candleseconds/gram  at  sea  level, 
and  14,700  candleseconds/gram  at  80,000  feet,  showing  an  increase  of 
79%  over  sea  level.  This  system,  however,  exhibited  an  efficiency  increase 
of  58%  over  the  control  at  sea  level  and  of  27%  over  the  control  at  80,000 
feet.  In  this  series  of  tests  it  was  noted  that  the  FP  790  silver  perchlo¬ 
rate  doped  system  was  superior  in  sea  level  efficiency  to  the  standard 
60/40  potassium  perchlorate/ aluminum  system  (8,200  and  5,200  candle¬ 
seconds/gram,  respectively).  This  is  a  reversal  of  past  observation  where 
the  performance  of  the  60/ 40  potassium  perchlorate/aluminum  at  sea  level" 
has  always  been  superior  to  that  of  a  nondoped  FP  790  system.  The  po¬ 
tassium  iodide  doped  system  (No.  11)  showed  no  increase  over  the  control 
at  either  sea  level  or  altitude.  The  use  of  cupric  perchlorate  doped  po¬ 
tassium  perchlorate  in  the  FP  790  composition  was  dropped  because  of 
reactivity  between  metallic  calcium  and  the  hydrated  cupric  perchlorate. 

The  control  system  FP  883  (31/20/49  aluminum/calcium  fluoride/ 
potassium  perchlorate)  gave  efficiencies  of  2,200  and  4,700  candlesec¬ 
onds/gram  at  sea  level  and  high  altitude,  respectively  (Table  4,  No.  12). 
This  represents  an  increase  of  112%  at  high  altitude.  This  system  doped 
with  1  mole  petcent  silver  perchlorate  (No.  13)  gave  efficiencies  of  1,800 
and  6,000  candleseconds/gram  at  sea  level  and  80,000  feet,  respectively. 
The  1,800  candleseconds/gram  figure  represents  a  decrease  in  efficiency 
at  sea  level  when  compared  with  the  control,  but  6,000  candleseconds/ 
gram  at  80,000  feet  represents  a  27%  increase  over  the  high  altitude  con¬ 
trol  due  to  the  presence  of  the  dopant,  and  a  232%  increase  over  the  sea 
level  value  of  1,800  candleseconds/gram. 

The  two  other  doped  oxidant  systems  evaluated  in  the  FP  883  system, 
cupric  perchlorate  doped  potassium  perchlorate  (Ns.  14)  and  potassium 
iodide  doped  potassium  perchlorate  (No.  15),  proved  either  erratic  in  per¬ 
formance  or  were  not  significantly  more  efficient  than  their  respective 
controls. 

To  obtain  additional  quantities  of  doped  perchlorates  for  the  purpose  of 
substantiating  past  results  and  in  anticipation  of  larger  scale  production, 
5*pound  batches  of  doped  potassium  perchlorate  were  prepared  on  a  plant 
scale  and  additional  smaller  batches  of  doped  perchlorates  were  prepared 
on  a  laboratory  scale.  It  was  found  that  the  different  preparations  varied 
in  average  particle  size.  For  example,  laboratory  recrystallized  potassium 
perchlorate  was  60  microns  in  average  particle  size.  The  same  material 
after  doping  was  about  82  microns.  However,  the  second  laboratory 
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preparation  yielded  94-micron  recrystallized  potassium  perchlorate  and 
82-micron  silver-doped  potassium  perchlorate.  The  plant-produced  re- 
crystallized  potassium  perchlorate  and  the  corresponding  doped  materials 
ranged  from  86  to  120  microns.  All  preparations,  consequently,  were 
screened  and  ball  milled  to  a  particle  size  of  approximately  50  microns 
to  insure  constant  density  during  loading  of  the  Poppy  cartridges.  Table  4 
(p  15)  lists  the  results  obtained  during  September  1961  with  the  plant 
preparations  (Nos.  16-23).  Two  additional  systems,  one  designed  to  test 
the  effect  of  doubling  the  silver  perchlorate  dopant  .concentration  to 
2  mole  percent  (Nos.  J9  and  23)  and  the  other  to  test  the  effect  produced 
upon  the  system  by  the  exposure  of  the  silver  perchlorate  doped  perchlo¬ 
rate  to  light  for  eight  hours  (No*.  1»  a*d  22),  are  *i*o  listed.  The  light 
exposure  should  result  in  the  rcdvKM*  of  silver  in**  to  metallic  silver. 

Considering  the  system  FP  790  <)0/20/*>  eslcium/slurninum/potassium 
perchlorate)  first,  it  is  seen  chat  the  1  mole  percent  silver  perchlorate 
doped  system  (No.  17)  gave  over  ease*  over  the  control  ol  8.5%  «  *** 
level  and  3.27.  at  80,000  fee«.  These  results  do  not  agree  mich  the  58% 
and  27%  increases  over  the  respective  csstrels  previously  obtained  *«b 
this  system  (No.  10).  The  light-exposed  system  doped  with  I  mole  percent 
stiver  perchlorate  (No.  18)  yielded  incteasnn  of  8.5*  *nd  10.7%  over  the 
respective  controls  at  sea  level  sad  high  altitnde.  The  system  doped  with 
2  mole  percent  silver  perchlorate  (No.  W)  shnmed  *0  efficiency  increase 
over  controls  at  either  ses  level  nr  high  altitude. 

An  examination  of  the  FP  883  (31/20/45  alumisum/calcium  floofide/ 
potassium  perchlorate)  composition  dnta  shorn*  that  the  system  doped  with 

1  mole  percent  silver  perchlotate  (No.  2I>  failed  to  give  sufficient  light 
to  record.  These  results  did  not  agr te  with  the  previous  evaluation  of  th»* 
system  (No.  13)  in  which  the  efficiencies  averaged  6,000  candleseeoods/ 
gram  at  80,000  feet,  an  increase  of  27%  over  the  control.  The  light-exposed 
system  doped  with  1  mole  percent  silver  perchlorate  (No.  22)  gave  results 
which  closely  paralleled  those  previously  obtained  for  the  same  non-ltght- 
exposed  composition  (No.  13),  with  an  increase  at  high  altitude  of  29% 
over  the  control.  As  with  the  FP,  790  composition,  the  system  doped  with 

2  mole  percent  silver  perchlorate  (No.  23)  showed  no  efficiency  increase 
over  the  controls  at  either  sea  level  or  high  altitude. 

Sensitivity  to  impact  and  friction  was  determined  for  the  doped  and  non- 
doped  systems  but  no  definite  relationship  between  sensitivity  and  doping 
was  apparent  (Table  5,  p  16). 
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Figure  1  (p  17)  shows  the  configuration  of  some  average  time-intensity 
curves  derived  from  the  initiation  of  laboratory  blends  of  doped  perchlo¬ 
rate  system.-  and  their  controls  in  the  Poppy  cartridge.  Because  different 
calibration  factors  are  used  in  determining  peak  intensities,  these  curves 
cannot  be  directly  compared.  However,  by  reference  to  Tables  1—3  (pp  12 
—14),  the  average  times  to  peak,  peak  intensities,  integral  light  values, 
and  durations  may  be  found. 

Examination  of  the  time-intensity  profiles  for  the  systems  studied  re¬ 
veals  the  following: 

40/63  aluminum/ potassium  perchlorate.  The  peak  is  greater  and 
duration  longer  at  80,000  feet  simulated  altitude.  The  integral  light,  how¬ 
ever,  is  greater  at  sea  level  because  the  curve  is  broader  at  peak  intensity. 

It  can  be  assumed  that  at  80,000  feet  the  cooling  rate  is  faster  and  there 
is  a  steep  drop  in  intensity  before  the  curve  gradually  levels  off. 

40/60  aluminum/potassiom  perchlorate,  1  mole  percent  stiver  per¬ 
chlorate  doped.  At  sea  level,  this  system  reveals  a  brood  curve.  At 
80,900  feet,  there  is  a  sharp  peak  followed  by  rapid  cooiiag.  Again  the 
broad  curve  at  sea  level  offsets  the  longer  duration  at  80,000  feet  to  give 
greater  integral  light. 

40/60  aluminum/ potassium  perchlorate,  1  mole  percent  cupric  per¬ 
chlorate  doped.  Although  the  duration  in  somewhat  greater  at  80,000  feet, 
there  is  a  broader  curve  at  sea  level  as  well  as  a  higher  peak  aad  conse¬ 
quently  a  greater  integral  light. 

40/60  aluminum/pot  assium  perchlorate,  1  mole  percent  potassium 
iodide  doped.  The  peak  intensities  are  comparable  at  sea  level  and 
80,00)  feet.  At  sea  level  there  is  a  broader  carve  than  at  80,000  feet,  where 
cooling  is  depicted  by  a  sharp  drop  in  the  curve.  The  integral  light  is 
greater  at  sea  level  than  at  80,000  feet. 

30/20/30  calcium/ aluminum/ potassium  perchlorate.  The  integral 
light  for  this  system  is  greater  at  80,000  feet  than  at  sea  level.  The  broad 
curve  at  sea  level  does  no:  compensate  for  the  high  peak  and  longer  dura¬ 
tion  at  80,033  feet.  Again,  at  high  altitude,  there  is  rapid  cooling  and 
gradual  tapering  off. 

30/20/30  calcium/ aluminum/ potassium  perchlorate,  1  mole  percent 
silver  perchlorate  doped.  This  system  has  a  greater  peak  intensity,  duration. 
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and  integral  light  at  80,000  feet  than  it  does  at  sea  level.  These  values 
are  greater  than  those  for  the  nondoped  control  previously  described. 

30/20/30  calcium/aluminum/potassium  perchlorate,  1  mole  percent 
potassium  iodide  doped.  Thet-e  is  a  broad  curve  at  sea  level  but  the  peak 
intensity  and  duration  at  80,000  feet  account  for  a  greater  integral  light. 
There  is  rapid  cooling  of  very  short  duration  followed  by  gradual  tapering 
off. 


31/20/49  aluminum/calcium  fluoride/ potassium  perchlorate.  Because 
of  higher  peak  intensity  and  longer  duration,  the  integral  light  is  greater 
at  80,000  feet.  There  are  no  sharp  peaks  at  either  elevation. 

31/20/49  aluminum/cakiuni  fluoride/ potassium  perchlorate,  1  mole 
percent  silver  perchlorate  doped.  This  system  has  a  higher  peak  intensity, 
duration,  and  integral  light  at  80,000  feet  than  it  does  at  sea  level.  These 
values  are  also  greater  than  corresponding  values  for  the  control.  Again, 
no  sharp  peaks  are  present. 

31/20/49  aluaMoum/caictum  fluaride/potassium  perchlorate,  1  mole 
percent  cupric  perchlorate  doped.  Thin  system  was  very  erratic  at 
80,000  feet.  The  ooe  curve  obtained  at  nkkude  tended  to  peak  sharply. 

31/20/49  aluminum/ calcium  fluoride/potassium  perchlorate,  1  mole 
percent  potassium  iodide  doped.  The  configuration  of  both  curves  at  sea 
level  and  80,900  feet  is  similar.  However,  an  examination  of  the  peak  in¬ 
tensity,  duration,  and  integral  light  reveals  that  these  values  are  greater 
it  80,000  feet. 


COMCUtSIONf 

1.  It  can  be  hypothesized  that  new  nucleacion  sites  formed  by  impurities 
affect  the  rate-governing  factors  for  solid-solid  reactions. 

2.  The  purity  of  materials  and  the  manner  in  which  the  dopant  is  intro¬ 
duced  into  the  oxidant  seem  to  be  factors  controlling  the  luminosity  output 
of  Ag+  ion  doped  perchlorates,  partied  *dy  at  80,000  feet.  This  is  indi¬ 
cated  by  the  results  obtained  with  both  laboratory  and  plant  scale  prepara¬ 
tions  (e.g.,  100-gram  and  3-pound  lots).  In  one  instance,  laboratory 
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preparations  for  the  60/49  potassium  perchiorate/aiucninum  in  which  the 
oxidant  was  doped  with  Ag+  ion  gave  luminosity  increases  of  2$%  when 
compared  to  the  control  at  80,000  feet.  However,  this  finding  could  not  be 
duplicated  in  a  second  experiment. 

3-  The  systems  containing  the  light-exposed  1  mole  percent  silver  per¬ 
chlorate  were  more  efficient  at  80,009  feet  than  systems  containing  non- 
light-exposed  doped  oxidant.  The  low  order  performance  ot  the  aluminum/ 
calcium  fluoride/potassium  perchlorate  doped  with  1  male  percent  silver 
perchlorate  as  well  as  the  considerably  poorer  luminosity  data  obtained 
on  the  retest  of  the  similarly  doped  calcium/ aluminum/ potassium  perchlo¬ 
rate  system  cannot  at  present  be  explained. 

4.  Sensitivity  to  impact  and  friction  for  the  doped  systems  did  not  fol¬ 
low  any  set  pattern.  Ignition  temperature  values,  however,  ate  reported  to 
be  lower  for  the  doped  perchlorates  (Ref  3). 

5.  The  usual  trend  of  the  superior  luminosity  characteristics  of  ( 0/40 
potassium  perchlorate/aluminum  when  compared  to  the  FP  790  system 
(39/29/59  calcium/ aluminum/ potassium  perchlorate)  at  sea  level  was  re¬ 
versed  when  Ag '  ion  doped  perchlorate  was  used  (5,990  to  7,390  aod 
8,200  candiescconds/gram,  respectively). 

• 

6.  Evidently  a  critical  concentration  is  necessity  for  doping  perchlo¬ 
rates.  A  silver  ion  concentration  derived  from  2  mole  percent  stiver  per¬ 
chlorate  proves  less  efficient  than  n  concentration  from  1  mole  percent 
silver  perchlorate. 


RECOMMENDATIONS 

It  is  recommended  chat: 


1.  The  evaluation  of  dopants  be  continued  in  flash  and  flare  com¬ 
positions.  In  addition,  die  effects  of  aging,  particle  size,  and  particle 
surface  should  be  determined. 

2.  The  activation  energies  for  doped  and  nondop«:d  perchlorates  be 
determined  and  correlated,  if  possible,  with  luminous  outputs  in  flash 
systems. 
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EXPERIMENTAL  PROCEDURES 
Preparation  of  Materials 

Potassium  perchlorate  (1.0  g/100  cc)  was  dissolved  in  distilled  water 
at  100° C.  The  solution  was  filtered  while  hot  through  fine  filter  paper  and 
the  funnel  was  kept  warm  by  means  of  a  beating  mantle.  The  filtrate  was 
then  placed  in  an  ice  bath  and  precipitated  with  constant  stirring.  The 
supernatant  was  then  descanted,  and  the  recrystallized  perchlorate  was 
air  dried  for  one  hour  and  oven  dried  overnight  at  100— 110°C. 

The  recrystallized  potassium  perchlorate  was  then  dissolved  in  distilled 
water  and  heated  (a  100®C.  One  male  percent  «f  the  doping  ma'erial  eras 
introduced  into  the  snintinn  with  stirring  and  the  solution  was  then  evapo¬ 
rated  to  dryness.  After  drying  nuemight  at  D3-llO°C  the  salt  was  gently 
ground  and  stored  in  brawn  harries.  *hete  necessary,  panicle  sizes  were 
determined  and  adjusted  <•  50  mktwns  by  hail  milling. 

Blending  nad  Loading  PwcahoH 

Compositions  were  dtp  Mended  and  landed  into  Poppy  cartridges  in  ac¬ 
cordance  with  sequence  of  operation  PACli  fin.  \  September  1957,  and  all 
cartridges  were  loaded  remotely  in  accordance  with  Loading  Branch  Se¬ 
quence  T  l«24~2-II~5-  Each  cartridge  Margined  «  200mig  lead  azide 
charge  at  the  base  of  a  short  delay  delama  consisting  of  90/10  barium 
chromate/hotoo.  Initiation  man  predated  by  amass  of  -t  squib. 

Tasting 

AH  cartridges  were  tested  in  the  Pyrotechnics  Laboratory’ s  simulated 
high  altitude  chamber.  The  kerns  weie  fired  at  right  angle  to  the  photocell. 
An  oscilloscope  with  a  high-speed  camera  attachment  was  used  to  record 
the  photocell  output  as  a  function  of  time.  An  integrator  was  used  to  com¬ 
pute  the  integral  light. 

Mat  aria!  s 

The  following  materials  were  used: 

1.  Calcium,  atomized,  36  micron.  Valley  Metallurgical  Processing 
Company 

2.  Potassium  perchlorate,  reagent  grade,  Fisher  Scientific  Company 
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3.  Aiuuinura,  atomized,  15  micron,  Allied  Chemical  Company 

4.  Poppy  photoflash  cartridge.  Drawing  number  CXP— 111207, 
December  S,  1959 

5.  Silver  perchlorate  (anhydrous),  G.  F.  Smith  Chemical  Company 

6-  Potassium  iodide  (Fisher  Certified,  A.C.S.),  Fisher  Scientific 
Company  • 

7.  Cupric  perchlorate  (hydrated)  (Fisher  Certified),  Fisher  Scientific 
Company 

8-  Calcium  fluoride,  reagent  grade,  J.  T.  Baker  Chemical  Company. 
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